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ABSTRACT 

We assembled a sample of broad line and narrow lines AGNs observed by ASCA, whose 
excess variances have been determined. The central black hole masses in this sample 
can be obtained from the reverberation mapping method and the width of H/3 emis- 
sion line. Using the black hole masses and the bolometric luminosity, the Eddington 
ratio can also be obtained. We confirmed the strong anti-correlation between X-ray 
variability and the central black mass founded by Lu & Yu. We further found that 
narrow line Seyfert 1 galaxies (NLSls) also follow this relation with a larger scatter 
and there is only a weak correlation between the X-ray variability and the Eddington 
ratio, which suggest that rapid variability and narrow lines in NLSls are mainly due 
to small central black holes in NLSls, not the difference of circumnuclear gas around 
NLSls. A strong correlation was found between the hard X-ray photon index and the 
Eddington ratio. If the suggestion of two distinct accretion classes, namely ADAF and 
thin disk accretion, in AGNs (Lu & Yu) is correct, the strong photon index-Eddington 
ration correlation showed that there exists a kind of two zone accretion disk, in which 
the outer zone is a thin disk, and the inner zone is an ADAF disk. Otherwise, the 
accretion process is the thin disk accretion and the ADAF accretion is not required. 
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1 INTRODUCTION 

X-ray variability has long been known to be a common prop- 
erty of active galactic nuclei (AGNs). There is not only long 
term but also rapid X-ray variability. The rapid variabil- 
ity is usually thought to come from the innermost region of 
the compact objects, which is helpful in getting information 
about the central objects, such as mass, accretion rate, ge- 
ometry and radiation mechanisms (Mushotzky et al. 1993). 

Since the discovery of X-ray variability, there have been 
many different quantities to describe the variability ampli- 
tude or the timescale, such as the flux-doubling timescale 
(Barr & Mushotzky 1986), normalized variability ampli- 
tude (Green et al. 1993), the excess variance (Nandra et al. 
1997), and the exponential timescale (Bian & Zhao 2003). 
Since then, a strong anti-correlation between the variability 
and the luminosity (hereafter variance-luminosity relation) 
was founded. Leighly (1999) presented a X-ray variability 
analysis of a sample of 23 narrow line Seyfert 1 galaxies 
(NLSls) observed by ASCA and found that when NLS1 are 
included the variance-luminosity correlation of AGN con- 
tains much more scatter than with BLS1 only, the excess 
variance is typically an order of magnitude larger for NLSls 
than for Seyfert 1 with broad optical lines. Turner et al. 
(1999) presented a sample of 36 Seyfert 1 galaxies observed 



by ASCA and found a strong correlation between the ex- 
cess variance and one optical parameter, FWHM of H/3, 
which is usually proposed to be related with the "Eigen- 
vector 1" , the fundamental parameters of the central engine 
(Boroson & Green 1992). Lu & Yu (2001) then discussed 
the relation between the excess variance and the reverbera- 
tion central black hole masses (Kaspi et al. 2000) (hereafter 
variance-mass relation) in a sample of 22 AGNs observed by 
ASCA and found the relation between them to be strong. 
The variance-mass correlation can provide a plausible ex- 
planation of the variance-luminosity relation and its scatter 
(Turner et al. 1999; Leighly 1999; Ptak et al. 1998; Almaini 
et al. 2000). 

Based on the circumnuclear gas difference in tempera- 
ture, optical depth, density, or geometry, Turner et al. (1999) 
provided an attractive model, which does not depend on the 
difference in central black mass, to explain differences of the 
excess variance and the spectral index between NLSls and 
Broad line AGNs (BL AGNs). However Lu & Yu (2001) sug- 
gested that the enhanced excess variance in NLSls is due to 
their central smaller black holes. There are only a few NLSls 
in the sample of Lu & Yu (2001). It is necessary to expand 
the sample to investigate the variance-mass relation, espe- 
cially to include more NLSls. 

Up to now, there are only 37 AGNs whose central 
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black hole masses are obtained by the reverberation map- 
ping method (Ho 1998; Wandel et al. 1999; Kaspi et al. 
2000). Fortunately a relation between the size of the broad 
line regions (BLRs) and the monochromatic luminosity at 
5100A was founded by Kaspi et al. (2000). This empirical 
formulae provides the estimation of the central black hole 
masses for AGNs with available FWHM of H/3. This kind 
of mass estimation is widely used to investigate relations 
between the black hole mass and radio luminosity (Woo & 
Urry 2002), width of 0[III] line (Wang & Lu 2001), and 
bulge mass (Bian & Zhao 2003). 

In this paper we use this empirical formula to estimate 
the central black hole masses in an expanded sample of 41 
AGNs observed by ASCA and investigate the relations be- 
tween the excess variance, the photon index, the black hole 
mass, and the accretion rate. In particular, we wanted to 
determine whether the variance-mass relation founded by 
Lu & Yu (2001) would alter when we included more AGNs, 
especially NLSls. The sample is described in Sect. 2 and the 
central black hole mass and the Eddington ratio are calcu- 
lated in Sect. 3. The statistical analysis and discussion are 
presented in Sect. 4. Finally we summarize our conclusions 
in Sect. 5. All cosmological calculations in this paper assume 
H = 75/cms" 1 , Q = 1.0, A = 0. 



2 SAMPLE 

The sample used in Turner et al. (1999) consists of 36 Seyfert 
1 galaxies available from the ASCA archive up to Nov. 1998. 
The criteria in Turner et al. (1999) is that only the objects 
whose light curves have at least 20 counts per 256-second 
time bin and at least 20 bins are included in their sample. 
They used the excess variance to describe the X-ray vari- 
ability. If one designates the count rates for the N points 
in each light curve as Xi, with errors ct;, the X-ray excess 
variance is defined by, 



N 

i=i 



2l 



The error on a^ms is sd/(/i 2 VN), where 
1 N 



2,2 
«M } 



which is only the statistical error (Turner et al. 1999). 

Lu & Yu (2001) also searched the ASCA archive up to 
Oct. 1999 to do a timing analysis using the same criteria as 
Turner et al. (1999). Here we adopt the variance data from 
Turner et al. (1999) and Lu & Yu (2001). 

As in Turner's paper (1999), for convenience we make 
such a split here by referring to objects with FWHM H 
P < 2000 km/s as narrow line AGNs (NL AGNs) and ob- 
jects with FWHM H /3 > 2000 km/s as broad line objects 
(BL AGNs). At last, our sample consists of 41 AGNs, in 
which there are 18 NL AGNs and 23 BL AGNs. Although 
this sample is not a complete one, we suggest this large 
assembled sample provides new information about the dif- 
ference between BL AGNs and NL AGNs. For objects with 
many values of the excess variance and the photon index, 
we adopt their mean values. The standard error of the mean 
is so small that we adopt the error from the above formula. 



3 BLACK HOLE MASS AND EDDINGTON 
RATIO 

3.1 Estimation of black hole masses 

There are 22 AGNs in our sample whose central black hole 
masses are estimated by the reverberation mapping method. 
We use the black hole masses tabulated by Kaspi et al. 
(2000); values for three AGNs (Mrk 279, NGC 3516, and 
NGC 4593) were taken from Ho (1998). At the same time, 
we also use the B-magnitude and FWHM of H/3 to estimate 
the masses for all 41 objects in our sample. We estimated 
the size of the BLR using the empirical correlation between 
the size and the monochromatic luminosity at 5100A (Kaspi 
et al. 2000): 



KB LR = 32.9(S^r It -days 



(1) 



10 44 erg • s 

where ALa(5100A) is estimated from the B-magnitude by 
adopting an average optical spectral index of -0.3 and ac- 
counting for Galactic redding and K-correction (Veron- 
Cetty et al. 2001). If the H/3 widths reflect the Keplerian 
velocity of the line-emitting BLR material around the cen- 
tral black hole, then the viral mass is given by: 

M bh = RblrV^ 1 (2) 

where G is the gravitational constant, V is the velocity of 
the line-emitting material. V can be estimated from the 
H/3 width. Assuming the random orbits, Kaspi (2000) re- 
lated the V to the FWHM of the H/3 emission line by 
V = (V3/2)FWHM[hu]. 



3.2 Eddington ratio 

In order to investigate the relation between X-ray variability 
and the accretion rate, the Eddington rates are calculated 
for these 41 AGNs. We calculated the ratio of the bolomet- 
ric luminosity Lf, D ; to the Eddington luminosity Lsdd- Lboi 
is usually calculated by L bo i = 9ALa(5100A) (Kaspi et al. 
2000), where La(5100A) is the monochromatic luminosity 
at 5100A. The value of L bo i/L E dd gives a direct measure- 
ment of the Eddington ratio. 

The estimated black hole masses are listed in table 1. 
Column (1) lists the name of objects, column (2) the FWHM 
of H/3 (krns^ 1 ), Column (3) the log of black hole mass in 
M calculated using equations (1) and (2), Column (4) the 
log of the reverberation mapping mass in Mq adopted from 
Kaspi et al. (2000) and Ho (1998) , and Column (5) the 
Eddington ratio. The excess variances are from Table 1 in 
Turner et al. (1999) and Table 1 in Lu & Yu (2001). The 
photon indices Tasca are from Table 1 in Turner et al. 
(1999). For objects with both the reverberation mapping 
mass and the calculated mass using equations (1) and (2), 
we adopt the former because the former is more reliable. 



4 RESULTS AND DISCUSSION 
4.1 Variance-mass relation 

In Fig. 1 we show the excess variance versus the central black 
hole masses. In Fig. 2 we show the excess variance versus the 
Eddington ratio. We find the tight variance-mass correlation 
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Figure 1. Excess variance in the 0.5-10keV band versus the cen- 
tral black hole mass. The filled squares represent the BL AGNs; 
the open circles represent NLSls. The dash-dot line is our best 
fit. 



Figure 3. The photon index versus the Eddington ratio. The 
denotation is the same as that in Fig. 1. 
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Figure 2. Excess variance in the 0.5-10keV band versus the Ed- 
dington ratio. The denotation is the same as that in Fig. 1. 



founded by Lu & Yu (2001) still remains when we included 
many other AGNs, especially NL AGNs. In Fig. 1 we also 
show the straight lines plotted in Fig. 1 in Lu & Yu (2001). 
Most of the objects are located in the region between the 
lines logarms = 3.75 — log(Mbh/M@) and loga^ms = 5.75 — 
log(M},h I 'Mq) . We fix the slope of the variance-mass relation 



as -1 to fit the data in Fig.l. A Spearman rank test gives 
loga^ms = (5. 08 ±0.11) — log(Mbh/ Mq) and the correlation 
coefficients (R) is -0.65 corresponding to a probability of 
P < 10~ 4 that the correlation is caused by a random factor. 

There are astrophysical reasons to relate the excess vari- 
ance with the accretion rates. However we find there is no 
strong correlation between them. We plot the excess variance 
versus the Eddington ratio in Fig. 2. A Spearman rank test 
gives loga 2 rm3 = (-1.88±0.W) + (0.39±0.17)log(L bo i/L B dd) 
(R = 0.35, P = 0.0309). When considering only NL AGNs 
or BL AGNs, we find there is no correlation between the 
excess variance and the Eddington ratio if we exclude NGC 
3227 (Lu & Yu 2001). 

4.2 Relation between photon index and 
Eddington ratio 

Although weak relation between the excess variance and 
the Eddington ratio is found here, we find there is a strong 
correlation between the photon index in 2-10keV (Tasca) 
and the Eddington ratio (Fig. 3). A Spearman rank test 
gives Tasca = (2.11 ± 0.05) + (0.26 ± 0.05)log{L bol /L Edd ) 
(R = 0.70, P < 10 -4 ). The correlation between Tasca and 
Eddington ratio still remains medium strong if we only con- 
sider BL AGNS (R=0.26) or NL AGNs (R=0.48). 

4.3 Discussion 

We use equations (1) and (2) to calculate the black hole 
masses for all 41 AGNs in our sample. The errors of the 
calculated black hole masses using equations (1) and (2) 
is mainly from the accuracy of equation (1); the geometry 
and the dynamics of the BLRs, especially the inclination 
to the line of sight in NL AGNs (Bian & Zhao 2002). The 
error in the mass estimation using equations (1) and (2) is 
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about 0.5 dex (Wang & Lu 2001). Fig. 4 shows that our 
calculated masses from equations (1) and (2) is consistent 
with the reverberation mapping masses (see Table 1). The 
variance-mass relation in NL AGNs is consistent with that 
in BL AGNs founded by Lu & Yu (2001). It is plausible 
that there exists a variance-mass relation for not only BL 
AGNs but also NL AGNs. There is a weak correlation be- 
tween the excess variance and the Eddington ratio. There is 
no correlation between them if we just consider BL AGNs 
or NL AGNs. Turner et al. (1999) have suggested that the 
different circumnuclear gas of NL AGNs may lead to the dif- 
ferent X-ray variance between BL AGNs and NL AGNs. The 
difference of the circumnuclear gas is caused by the higher 
accretion rate in NL AGNs. The strong variance-mass cor- 
relation and the weak correlation between the variability 
and the Eddington ratio suggest that the enhanced hard X- 
ray excess variance in NL AGNs founded by Leighly (1999) 
is mainly due to the smaller black hole, not the difference 
of circumnuclear gas around NL AGNs. The variance-mass 
anti-correlation can be interpreted that X-ray variance is a 
result of some global coherent variations in the X-ray emis- 
sion region which is scaled by the size of the black hole in 
AGNs (Lu & Yu 2001). 

Equation (1), used to estimate the black hole mass, is 
derived in the sample of Kaspi et al. (2000). However, most 
AGNs in the sample of Kaspi et al. (2000) are BL AGNs. 
Whether equation (1) is suitable for NL AGNs is a matter 
of debate. The masses for NLSls estimated from equation 
(1) appear to be consistent with that from the the mass- 
velocity dispersion relation in AGNs (Wang & Lu 2000), 
which showed that equation (1) can be used in NL AGNs in 
spite of the larger uncertainty. Turner et al. (1999) showed 
that there is a strong correlation between the excess variance 
and the FWHM H/3. For our sample we also find a strong 
variance-FWHM correlation (R = -0.64, P < 10~ 4 ), which 
is scatter than the variance-mass correlation (R = —0.65, 
P < 10~ 4 ). The stronger variance-mass correlation showed 
that FWHM H/3 can be combined with the luminosity to 
estimate the central mass. Perhaps the early finding of the 
variance-FWHM correlation is due to the variance-mass cor- 
relation. At the same time we should notice the uncertainty 
in equation (1) leads to just a little stronger variance-mass 
correlation. 

We also find there exists a strong correlation between 
the photon index Tasca and the Eddington ratio. Lu & Yu 
(1999) compiled a sample of Seyfert 1 galaxies and QSOs 
and found these objects to be distributed in two distinct 
classes in the plane of ROSAT soft X-ray photon index ver- 
sus the Eddington ratio (the ratio of the ionizing luminos- 
ity to the Eddington luminosity). There is a strong correla- 
tion between ROSAT photon index and the Eddington ratio 
in these two classes. They also plot Tasca versus the Ed- 
dington ratio for several objects with available ASCA data. 
Here we use the bolometric luminosity rather than the ion- 
izing luminosity to calculate the Eddington ratio and find 
Tasca is strongly correlated with the Eddington ratio. The 
enhanced Tasca in NL AGNs (Leighly 1999) is intimately 
related with the Eddington ratio. First we assume that the 
interpretation of Lu & Yu (1999) on the split in the photon 
index- accretion rates plane is correct, there are two distinct 
accretion disks in Seyfert 1 galaxies and QSOs. If we take 
log(Lboi/LEdd) = —1.1 (Lu & Yu 1999) as the critical value 
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Figure 4. T he reverberation mapping masses versus the black 
hole masses calculated from equations (1) and (2). The solid line 
shows 1:1. 



for ADAF (advection-dominated accretion flow) disk class 
and thin disk class, from Fig. 3 we find the Tasca increases 
with the Eddington ratio in ADAF and thin disk classes. 
The relation between Tasca and the Eddington ratio can 
be understood in the frame of the accretion disk and the 
corona. For a thin disk, the disk luminosity to irradiate the 
corona increases as the Eddington rate increases. This can 
cause the corona to cool efficiently owing to Compton cool- 
ing and cooler corona producing few hard X-ray photons 
leads to large Tasca- For the ADAF model of low accre- 
tion rate, the optical depth increases and causes a corre- 
spondent increase in the Compton 7-parameter when the 
Eddington ratio increases (Esin et al. 1997). Larger optical 
depth will result in a harder and smoother X-ray spectrum 
index, which is in conflict with our founded relation between 
Tasca and the Eddington ratio. A accretion disk consist- 
ing two zones (outer thin disk and inner ADAF disk) is our 
preferable interpretation. The truncation radius of the two 
zones decreases with increasing Eddington ratio. The ADAF 
X-ray photon index Tasca becomes dramatically softer be- 
cause the radiation from the disk is Compton-scattered by 
the hot gas in ADAF as the Eddington rate increases. If the 
interpretation of Lu & Yu (1999) is not correct, the strong 
correlation between Tasca and the Eddington ratio in the 
sample of NL and BL AGNs suggests the ADAF disk is not 
required and there exists a simple thin accretion disk. Much 
work on detail spectral fitting of AGNs using ADAF and/or 
thin disk models is needed to clarify this question in the 
future. 
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5 CONCLUSIONS 

We investigated the relations between hard X-ray variability, 
photon index, the black hole mass, and the Eddington ratio 
in a collected sample of 41 BL AGNs and NL AGNs. NL 
AGNs follow the same variance-mass relation in BL AGNs 
founded by Lu & Yu (2001). The X-ray variability is mainly 
due to the black hole mass, not the accretion rate. A strong 
correlation between the hard X-ray photon index and the 
Eddington ratio suggests there exists the thin disk in the 
inner region of the AGNs. If the suggestion of two distinct 
accretion classes (Lu & Yu 1999) is correct, there exists a 
kind of two zone accretion disk, in which the outer zone is 
a thin disk, and the inner zone is an ADAF disk. Other- 
wise, the accretion process is the thin disk accretion and the 
ADAF accretion is not required. 
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Name FWHM M cal M RM ra 



Table 1. The central black hole mass and the Eddington ratio 
for broad line AGNs and narrow line AGNs. The reverberation 
mapping masses are adopted from Kaspi et al.(2000), except for 
those objects labelled with a, which are adopted from Ho (1998). 
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